13 described the first workable extracranial CSF shunt in 1952. Since then, shunts have revolutionized the treatment of hydrocephalus and other disturbances of CSF flow dynamics. 7 Even though recent data are limited, authors of earlier studies have highlighted the affect of CSF shunting on hydrocephalus-related death. Study data collected by Chi et al. 4 revealed that between 1979 and 1998, the mortality rate due to congenital hydrocephalus declined 66.3%; due to spina bifida with hydrocephalus it declined by 30.4%, and due to acquired hydrocephalus it declined by 67.5%. In 1995, approximately 70,000 people were discharged from US hospitals every year with a diagnosis of hydrocephalus, and approximately 33,000 shunt-related procedures were performed every year, costing approximately $100 million in national healthcare expenditures at that time. Unfortunately, approximately half of these dollars were spent on shunt revisions. The incidence of shunt procedures in patients with PTC has also been rising. Between 1988 and 2002, the number of shunt operations in patients with PTC increased 350% in the US.
either malfunction or infection. Malfunction was defined as the occurrence of symptoms in the presence of elevated intracranial pressure, as detected with lumbar puncture, shunt tap, or neuroimaging evidence of ventricular enlargement. The cause of the malfunction was further categorized as a proximal obstruction, distal obstruction, valve obstruction, valve malfunction, catheter disconnection, kinking, or migration. Infection was defined as the occurrence of symptoms in the presence of a positive CSF culture obtained through lumbar puncture or shunt tap.
It is important to emphasize that shunts inserted during the study period that did not malfunction were excluded from our analysis. Although this approach did not give a global description of how long shunts survive, we were able to determine the factors associated with shunts that had been implanted and later malfunctioned or became infected during the 7-year time frame of the study. Factors associated with shunt survival longer than 7 years were not addressed in this study, and neither were the characteristics of implanted shunts that never malfunction.
To determine the factors that predicted the duration of shunt survival time in the failed shunt group, we analyzed a series of possible predictors. These variables included indication for shunt placement, shunt type, race, age at shunt insertion, and origin of hydrocephalus. We used SPSS 10.1 for Windows (SPSS, Inc.) for our analyses. The outcome variable was continuous, that is, shunt survival in months. Our predictor variables were either dichotomous (that is, patient sex) or categorical (that is, race, shunt hardware, and origin of hydrocephalus). Dichotomous and categorical predictor variables were analyzed using a t-test and ANOVA, respectively. To analyze multiple predictors simultaneously, factorial ANOVA was used.
RESULTS

Patient Demographics
During the study period, 396 shunt placement procedures were performed . In 90 patients, 116 shunts failed after their placement over the 7-year study period. These failures formed the material for our study. Implanted shunts that did not fail were excluded from our analysis, meaning that long-surviving shunts (Ն 7 years) were not evaluated.
Demographically, the study group was predominantly male (59.5%) and non-white (54.3%), with a mean age of 119.7 Ϯ 202.4 months at the time of shunt placement ( Table 1 ). The majority of shunts had been placed for the treatment of hydrocephalus (87.9%) and the remaining ones for the treatment of PTC (12.1%). The mean overall survival time of newly placed shunts was 6.3 Ϯ 11.8 months. Among these newly placed shunts, 28.5% of failures (33 shunt failures) were attributable to infection, whereas 71.5% (83 shunt failures) were due to malfunction. In the infection group, Staphylococcus epidermis was the most common pathogen (54%), followed by S. aureus (25%), methicillin-resistant S. aureus (12%), Pseudomonas aeruginosa (3%), and other bacteria (6%) including Serratia and Corynebacterium. In the malfunction group, the most frequent cause for revision was proximal obstruction (38%). The origins of hydrocephalus were similar in the infection and malfunction groups. In both groups, postintraventricular hemorrhage hydrocephalus due to prematurity was the dominant cause (36.4% of the infection group and 31.3% of the malfunction group) followed by hydrocephalus due to congenital causes (15.1% of the infection group and 10.8% of the malfunction group). The mean duration of shunt survival in the infection and malfunction groups were 4.3 Ϯ 10.7 months and 7.1 Ϯ 12.2 months, respectively.
Univariate Analysis
Overall Sample. In the overall sample, there was no significant relationship between shunt survival and any of the following variables: patient sex, race, shunt type, and origin of hydrocephalus. In analyzing the entire sample, trends toward significance emerged for the variables of indication for shunt insertion and age at insertion. Shunts placed for hydrocephalus tended to have a longer survival than those placed for PTC. Hydrocephalus shunts lasted a mean of 6.7 Ϯ 12.5 months, whereas those placed for PTC lasted a mean of 3.6 Ϯ 3.3 months (t(74.3) = 1.9, p = 0.051). Regarding the patient age at insertion, shunts placed between 0 and 6 months of age had a mean survival time of 4.2 Ϯ 6.0 months compared with shunts placed after 6 months of age, which lasted a mean of 7.8 Ϯ 14.3 months. This association also showed a trend toward significance (t(98.4) = 1.86, p = 0.067). We found a significant relationship between the cause of shunt failure (infection or malfunction) and shunt survival. Shunts that failed due to malfunction were approximately twice as likely to last longer than 6 months (32.5%) compared with those that failed due to infection (15.2%; 2 = 3.57, p Ͻ 0.05). Shunt Infection Group. In the infection group, a t-test revealed a relationship between shunt survival and patient sex; that is, the mean shunt survival time in male patients was 1.7 Ϯ 2.0 months compared with 8.9 Ϯ 16.8 months in female patients. This association trended toward significance (t(31) = 1.96, p = 0.06; Table 2 ). Furthermore, among the shunts that became infected in less than 6 months, 71.4% resided in male patients. In contrast, only 20% of shunts that survived longer than 6 months resided in male patients. We also found a significant relationship between patient race and shunt survival. In the infection group, the mean shunt survival period in white patients (20.4 months) was almost 7 times that in non-white patients (3.1 months). This difference was found to be significant with ANOVA (F(2, 30) = 4.6, p Ͻ 0.05).
The effect of the origin of hydrocephalus on shunt survival according to univariate ANOVA showed a statistically significant relationship in the infection group (F(4, 26) = 6.6, p Ͻ 0.01). Results of a post-hoc analysis revealed that postmeningitic hydrocephalic patients (three patients) had a significantly longer shunt survival time (28 months) than did those who had hydrocephalus attributable to all other causes in the cohort (Table 2) , although the size of this group was very small. Last, we found a significant relationship between the patient age at insertion and shunt survival time in this infection subgroup. Patients who had undergone shunt insertion at ages greater than 17 years had significantly longer shunt survival (21 Ϯ 31.3 months) than their younger counterparts (F(2, 30) = 5.1, p Ͻ 0.05).
Shunt Malfunction Group. In the malfunction group, nonwhite patients had shunt survival of 10.5 months compared with 3.8 months in white patients. This result trended toward significance (F(2, 80) = 2.95, p = 0.058). Additionally, in this subgroup, patients who received shunts between the ages of 2 and 17 years had the longest shunt survival (14.9 Ϯ 21.3 months), and this result was found to be significant on ANOVA (F(2, 79) = 4.4, p Ͻ 0.05). We found no significant relationship between patient sex and shunt survival time in this group.
Factorial Analysis of Variance
We conducted a factorial ANOVA and entered age, origin of hydrocephalus, sex, and race as predictors of shunt survival. None of these factors were independent predictors of shunt survival.
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DISCUSSION
Despite the evident benefits of CSF diversion, shunting remains plagued with a high complication rate. This retrospective study of 396 adult and pediatric cases involving the placement of shunts for either hydrocephalus or PTC was undertaken to understand the predictors of a high rate of complications in the first few years after implantation; 116 shunts failed within the 7-year study period. We evaluated the following possible predictors: indication for CSF diversion, origin of hydrocephalus, patient age at shunt insertion, patient race, and shunt type.
Among the shunts that had failed due to infection, we found that patients with postmeningitic hydrocephalus had a longer average shunt life than did those with other disease origins. All other hydrocephalus causes were associated with a mean shunt survival time of less than 3 months. Note that a small number of patients made up the postmeningitic hydrocephalus group, making our result very limited. There is a general discrepancy within the literature regarding the effect of hydrocephalus origins on shunt survival. In an earlier study, Piatt and Carlson 14 analyzed 727 shunt operations to determine predictors of shunt survival, and they found no relationship between hydrocephalus origins and the incidence of shunt complications. In a more recent study, McGirt and colleagues 14 In contrast, several authors suggest that hydrocephalic origin does in fact affect shunt survival. In a 1995 study involving 105 pediatric patients, the authors demonstrated that patients with intraventricular hemorrhage have shorter shunt survival times than those without hemorrhage. 3 Furthermore, Quigley et al., 16 who examined 41 cases of CSF shunt infection, suggested that only intraventricular hemorrhage as an origin correlated with sepsis risk. An increased complication risk has also been associated with myelomeningocele. In a study of the CSF shunt infection risk, Enger and coauthors 8 determined that patients with myelomeningocele had a higher infection risk compared with patients with hydrocephalus due to other causes. Additionally, data from an earlier study of 431 patients with newly inserted CSF shunts revealed that patients with myelomeningocele were significantly more prone to infection than those with congenital hydrocephalus, thus highlighting the potential effect of origins on shunt survival. 1 Conversely, results of another study suggest that patients with neural tube defects have longer shunt survival times than patients with other disease origins.
11 Notably, the majority of the studies mentioned above included both shunt placements and revisions in their analyses, whereas we addressed newly placed shunts that had failed within the study time frame.
We found univariate relationships between patient race or age and shunt survival in the infection subgroup. Age was a predictor of shunt survival time among devices that had failed due to infection; patients older than 17 years had a longer shunt survival period than those who were younger. There was also an effect of age on shunt survival time for devices that had failed because of malfunction, with patients 2 to 17 years having longer shunt survival times than those who were either younger or older. Our finding that patient age is a predictor of shunt survival is in keeping with data from numerous shunt survival studies. 11, 12, 14, 18 It has been suggested that this observation is related to both immunological deficiency and particular bacterial flora in infants. 6 To our knowledge, however, our data are the first to show a shunt survival relationship with patient race. In the shunt infection group, patients who were white had significantly longer shunt survival times than non-whites. We suspect that multiple intertwining factors contributed to this result. First, regarding the failure due to infection group, non-white patients may have experienced shorter survival times because of the increased incidence of prematurity among this group and thus the predisposition to a general immunocompromised state. Moreover, one cannot exclude the potential impact of socioeconomic factors on this group.
The factors that were significant on univariate analysis (race, age, origin of hydrocephalus) did not remain significant on factorial ANOVA. This result should not be interpreted as meaning that none of the factors matter; rather it suggests that the factors may overlap in their influence on shunt survival time. Future evaluation with larger samples would allow better detection of the predictive ability.
CONCLUSIONS
In summary, our study data add to the body of literature reporting on shunt survival in the first few years after implantation. Consistent with results of previous studies, we found that younger patients had a shorter shunt survival time. Additionally, our findings indicated that race may play a role in CSF shunt survival. The finding of a race-related factor in shunt survival deserves further study.
